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Background/Purpose: Compared with trans-femoral percutaneous coronary intervention (TFI), trans-radial PCI
(TRI) has a lower risk of bleeding, access site complications and hospital costs, and is preferred by patients. How-
ever, TRI accounts for a minority of PCIs in the US, and there is currently little research that explores why.
Methods/Material:We conducted a national survey in February 2013 to assess perceptions of TRI vs. TFI, and bar-
riers to TRI adoption and implementation among interventional cardiologists employed by the US Veterans
Health Administration (VHA), and linked these data to site-level TRI annual rates for 2013.
Results:We received 78 completed surveys (32% response rate). Respondents at sites that perform few or no TRIs
identiﬁed increased radiation exposure as the greatest barrier while at sites that perform a high percentage of
TRIs respondents identiﬁed the steep learning curve as the greatest barrier. Majorities of survey respondents at
all sites rated TRI as superior on 5 of 7 criteria, including patient comfort and bleeding complications, but rated
TFI as superior on procedure time and procedure success.
Conclusions: Even interventional cardiologists at sites that perform few or any TRIs recognized the superiority of
TRI for patient comfort and safety, but rated it inferior to TFI on procedure time and technical results. Interven-
tional cardiologists at high-TRI labs rated TRI as equivalent on procedure time and technical results. Efforts to in-
crease TRI adoption and implementation may be more successful if they emphasize that procedure times and
technical results depend on achieving proﬁciency.
Published by Elsevier Inc.1. Introduction
Trans-radial percutaneous coronary intervention (TRI) is
an evidence-based, patient-centered alternative to trans-femoral
PCI (TFI) in the treatment of patients with chronic and acute coronary
artery disease [1]. Relative to TFI, TRI reduces the risk of vascular and
bleeding complications by 78% and the need for transfusion by 80% [2].
Both observational and randomized trial data show that TRI is associated
with lower total hospital costs [3,4]. Most importantly, radial access offers
greater patient comfort, including lower bodily pain, lower back pain and
greater walking ability, as well as earlier hospital discharge [4].Seattle,WA98101. Tel.:+1 206
h).Despite the advantages of TRI, TFI has historically been the dominant
access approach in the United States (US), and adoption of TRI in the US
continues to lag behind other countries [5]. National registry data
indicate that the radial artery approach accounts for approximately
16% of percutaneous coronary interventions performed in the US [3].
The ﬁgure is similar in the US Veterans Health Administration (VHA),
and currently only nine of the 65 VHA facilities that perform PCI use
TRI in more than 50% of cases [6].
However, the reasons for this limited uptake are unclear. Some have
suggested that there is a lack of compelling motivation for operators to
switch to radial access; a dearth of training opportunities; signiﬁcant
logistical requirements, including having the support of cath lab staff
and the availability of the right equipment; and a signiﬁcant learning
curve that, initially, entails longer procedures times and failures
(i.e., failure via trans-radial and need to operate via femoral access)
Table 1
Survey respondent characteristics stratiﬁed by cath-lab TRI rates in 2013 (n = 65).
Top tertile (N = 20) Middle tertile (N = 19) Bottom tertile (N = 26) Total (N = 65)
N = 65
Years since training – – – –
b1 year 0 0 1 1
1–5 years 8 6 10 24
6–10 years 4 2 2 8
N10 years 8 11 12 31
No response 0 0 1 1
Diagnostic cases that are radial – – – –
b25% 0 10 21 31
25%–49% 0 5 2 7
50%–75% 8 4 1 13
N75% 12 0 1 13
No response 0 0 1 1
Interventional cases that are radial – – – –
b25% 0 13 22 35
25%–49% 2 3 1 6
50%–75% 6 3 1 10
N75% 12 0 1 13
No response 0 0 1 1
Previous training on radial procedures (multiple responses permitted) – – – –
Primary access used during fellowship training 1 2 2 5
Used during fellowship training, but not primary access method 5 9 11 25
At a formal radial training course 5 3 8 16
At your facility from a device representative 1 1 2 4
At your facility from other than a device representative 2 1 3 6
Other 5 5 4 14
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identify barriers to TRI adoption, and assess their prevalence and their
association with TRI rates.
To help close this gap, we conducted a national survey to assess
the prevalence of attitudes about and barriers among interventional
cardiologists performing cardiac interventions in the VHA. We report
descriptive ﬁndings.
2. Material and methods
We conducted a structured web-based survey ﬁelded to VHA inter-
ventional cardiologists nationally, and linked survey data to PCI data
from the Cardiac Assessment Reporting and Tracking — Cath Lab
(CART-CL) system, a VA cath lab data registry [9]. We report descriptive
statistics stratiﬁed by cath lab level of TRI-use.
2.1. Survey
The survey was designed and developed internally, and included
measures of respondent demographics, including years since ﬁnal train-
ing was completed; opinion about the superiority of radial versus fem-
oral access for 7 criteria, such as technical results (i.e., being able to
complete the case via radial access vs. not being able to complete the
procedure via the radial artery and needing to go through the femoral
artery anyway), procedure time, complications; 13 perceived barriers
to implementing TRI, such as learning curve and excess radiation expo-
sure; and self-reported practice including proportions of diagnostic and
interventional cases completed via radial access versus femoral access.
The survey also included an open text ﬁeld for feedback.Table 2
Proportion of respondents rating TRI as better than TFI (somewhat better, better, or much bett
Top tertile (N = 20)
More comfortable for your patients 100%
Allow your patients to go home sooner 100%
Faster to complete the procedure 30.0%
Superior technical results 10.0%
Fewer bleeding complications 100%
Few vascular access complications 90.0%
Easier to monitor your patients following the procedure 95.0%We identiﬁed our survey sample from the VHA Cardiac Assessment
Reporting and Tracking — Catheterization Laboratory (CART-CL)
system, a national, real-time database used in all VHA cardiac catheter-
ization laboratories to record cases [10]. Our sampling frame was all
VHA interventional cardiologists registered in the CART-CL system as
of December 13th, 2012 and we drew a 100% sample.
The survey was ﬁelded in February 2013 using Inquisite software
(Allegiance Inc., Austin, TX), a Web-based survey tool. The survey
link was e-mailed to participants up to 10 times over a 5 week period.
Surveys were anonymous.
We linked surveys to site-level data on the number of total PCIs and
number of TRIs performed from CART, in order to report perceptions of
the relative superiority of TRI and barriers to TRI stratiﬁed by cath-lab
TRI rates. We did not conduct statistical comparisons due to insufﬁcient
sample size. Radial proportion was the site-level number of TRI cases
divided by TRI plus TFI cases for the 2013 calendar year.
This study was reviewed and approved by the Central Institutional
Review Board for the Department of Veterans Affairs, Research and
Development Ofﬁce, with a Waiver of Documentation of Informed
Consent for the cath lab staff participating in the training and for the
survey respondents (VHA Central IRB #12-10). Copies of the interview
guide and survey are available from the authors upon request.
3. Results
We received 78 completed surveys (32% response rate) from 48
of the 65 cath labs where interventional cardiologists were surveyed
(survey data received from 73% of sites). The majority of respondentser) stratiﬁed by cath-lab TRI rates in 2013 (n = 65).
Middle tertile (N = 19) Bottom tertile (N = 26) Total (N = 65)
89.5% 69.2% 84.6%
63.2% 69.2% 76.9%
0% 0% 9.2%
0% 3.8% 4.6%
94.7% 88.5% 93.8%
78.9% 80.8% 83.1%
63.2% 57.7% 70.8%
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radial access for fewer than 25% of diagnostic or interventional cases.
A plurality of respondents (41%) reported that 80% or more of their
PCI cases were performed immediately after diagnostic angiography
was completed (i.e., ad hoc) as opposed to scheduling the patient for a
separate PCI at a later date (scheduled).
3.1. Perceptions of TRI vs. TFI
In general, attitudes favored radial access (Table 2) with respon-
dents rating radial access “somewhat better,” “better” or “much better”
in terms of ease ofmonitoring patients following the procedure (70.8%),
allowing patients to go home sooner (76.9%), fewer vascular access
complications (83.1%), comfort for patients (84.6%), and fewer bleeding
complications (93.8%). Conversely, overall, a minority of respondents
rated radial access somewhat better, better or much better in terms
of how fast they could complete the procedure (9.2%) and superior
technical results (i.e., procedure success) (4.6%). And although 55%
reported that they had received TRI training during fellowship, only
11% had primarily trained using radial access during fellowship (data
not reported in table).
3.2. Barriers to TRI
The most prevalent barriers (Table 3) interventional cardiologists
cited were concerns about increased radiation exposure to the inter-
ventional cardiologist (60.0% of respondents cited as major or minor
barrier) and to other cath team members (47.7% of respondents), and
learning curve (43.1%). However even among these, most respondents
rated them as minor rather than major barriers. Other barriers such as
difﬁculty obtaining necessary equipment (24.6%), lack of support from
cath lab staff (20.0%), and lack of training opportunities (18.5%), were
cited less frequently by our survey respondents. Overall, few respon-
dents rated any factor as a major barrier to performing TRI.
Responses to the free text ﬁeld, reinforced interview ﬁndings that
suggested that interventional cardiologists ﬁnd radial cases to be more
challenging; feel less capable of dealingwith problems via radial access;
and harbor doubts about the evidence supporting radial efﬁcacy for
speciﬁc subgroups of patients.
3.3. Findings stratiﬁed by teriles of cath-lab TRI rates
Among the 48 cath labs represented in the survey data, the
median PCI volume in 2013 was 199, with 7.4% of those trans-radial
(Table 4). Cath labs in the top tertile for TRI rate conducted 51.7% of
PCIs trans-radially, versus 7.8% and 2.7% for the middle and bottom
tertile cath labs.
Stratiﬁed responses were similar to the total respondents, with
respondents favoring radial access (Table 2) for ease of monitoringTable 3
Proportion of respondents indicating the following as a major or minor barrier to performing T
Lack of data on complications and long term outcomes
Patient discomfort during the procedure
Lack of training opportunities
Long learning curve for radial access
Lack of standard policies
Difﬁculty obtaining necessary equipment
Logistical issues other than lack of standard policies or difﬁculties obtaining necessary equip
Increased radiation exposure to the operator
Increased radiation exposure to cath team
Lack of support from other interventional cardiologists at my facility
Lack of support from the catheterization lab staff
Lack of support from clinical leadership
No nursing educationpatients, allowing patients to go home sooner, fewer vascular access
complications, comfort for patients, and fewer bleeding complications,
with moderately less favorable views among the middle and bottom
tertiles.
The most prevalent barriers for the high-tertile respondents
(Table 3) were the long learning curve (55.0%), increased radiation
exposure to the operator (45.0%) and to the cath team (40.0%), whereas
the most prevalent barriers for middle and low-tertile respondents in-
cluded logistical issues other than lack of standard policies or difﬁculties
obtaining necessary equipment (53.8%), and minorities of low-tertile
(46.2%) and middle-tertile (26.3%) respondents rated the long learning
curve as a barrier.
Open text responses exhibited a similar pattern with respondents
at low-TRI sites reporting procedure time and technical difﬁculty as the
major issues (Table 5). Lack of support in changing post-procedure poli-
cies, speciﬁcally related to removal of hemostasis band, was also cited.
4. Discussion
The US lags behind many other industrialized nations in the use of
TRI [1], and to the best of our knowledge there has been little empirical
study to understand why. Our study systematically documented bar-
riers to TRI use within a population of cardiac cath labs, assessed their
prevalence and explored differences in prevalence among cath labs
with stratiﬁed by TRI rates.
Although the vast majority of PCIs performed in the cath labs repre-
sented in the survey were TFI, we found that majorities of VHA Inter-
ventional cardiologists rated TRI superior to TFI on most criteria,
including lower bleeding complications, greater patient comfort, and
allowing patients to go home earlier, suggesting that lack of awareness
or disagreement about the advantages of TRI is not amajor barrier. The 2
criteria where respondents rated TFI as superior to TRI were technical
results (i.e., procedure success) and procedure times, which is consis-
tent with ﬁndings from trials that TRI procedure times and failures
decrease with operator experience and are no different than TFI once
operators become proﬁcient [11–14]. When we stratiﬁed results by
cath lab TRI rates, we found that the majority of respondents at sites
in the highest TRI tertile rated TRI as no different, or even better
than TFI in terms of speed and failures. These data suggest that the
fundamental issue underlying the most commonly cited barriers
was the lack of recognition regarding the inﬂuence of TRI proﬁciency
on proceduremetrics such as radiation exposure andprocedure success.
In order to achieve proﬁciency, operators and cath lab staff must
overcome the learning curve, which was also commonly cited as a bar-
rier. Respondents from the middle and low-tertile sites rated increased
radiation exposure and logistical issues as the greatest barriers while
those at high-tertile sites rated the steep learning curve as the greatest
barrier. We believe that this reﬂects a true difference, and that for oper-
ators who have successfully mastered TRI, they view the true challengeRI stratiﬁed by cath-lab TRI rates in 2013 (n = 65).
Top tertile
(N = 20)
Middle tertile
(N = 19)
Bottom tertile
(N = 26)
Total
(N = 65)
15.0% 15.8% 23.1% 18.5%
0.0% 10.5% 15.4% 9.2%
20.0% 10.5% 23.1% 18.5%
55.0% 26.3% 46.2% 43.1%
25.0% 21.1% 42.3% 30.8%
15.0% 31.6% 26.9% 24.6%
ment 25.0% 42.1% 53.8% 41.5%
45.0% 63.2% 69.2% 60.0%
40.0% 36.8% 61.5% 47.7%
15.0% 15.8% 30.8% 21.5%
5.0% 21.1% 30.8% 20.0%
5.0% 0% 19.2% 9.2%
15.0% 15.8% 26.9% 20.0%
Table 4
Cath-lab level CART-CL data for 2013 stratiﬁed by TRI rate (n = 48).
Top tertile Middle tertile Bottom tertile Total
Median Inner-quartile range Median Inner-quartile range Median Inner-quartile range Median Inner-quartile range
Total PCI volume 147 152.5 248.5 181 210 139 199 164
% of PCIs in 2013 performed trans-radially 51.7 41.15 7.8 4.7 2.95 2.7 7.4 32.7
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that perform few or any TRIs, issues of safety aremore pressing. Greater
radiation exposure to the operator in TRI has been previously docu-
mented, and is a legitimate concern. However, it can be mitigated
through proper placement of the patient’s arm at their side rather
than abducted 90°, and with the reduced procedure time that comes
with experience and proﬁciency; the literature shows a strong relation-
ship between TRI proﬁciency and reduced radiation exposure [15–18]
as well as better clinical outcomes [6], and that proﬁciency increases
rapidly and appears to be achieved within between 30 and 50
cases [19].
While our data suggest that interventional cardiologist are largely
aware of the beneﬁts of TRI in terms of patient safety and comfort,
many “femoralist” operators may have never engaged in a sustained
effort to use TRI and become sufﬁciently proﬁcient to see procedure
times fall and success rates rise to be equivalent or superior to TFI.
Instead, most believe that TRI takes longer and is more likely than TFI
to fail, probably because, in their experience, it does. This suggests that
any educational interventions meant to increase TRI adoption and im-
plementation need to emphasize completing sufﬁcient cases to become
proﬁcient, and provide extended support and encouragement so that
interventional cardiologists persist in TRI use until they achieve
proﬁciency. As mentioned above, the learning curve is not as steep
as perceived by some of our respondents [19]. For interventional
cardiologists considering adopting TRI, these ﬁndings also underscore
the importance of committing to a radial program and using a “radial
ﬁrst” approach [20].
4.1. Limitations
Our ﬁndings are cross-sectional and cannot assess causal relation-
ships. We had a 32% individual response rate, and non-respondents
may differ in important ways. Finally, the drivers of effective adoption
and implementation of TRI may be more dynamic and complex than
the simple presence or absence of barriers. Research on the implemen-
tation of other cardiac procedures and protocols such as efforts to im-
prove the door-to-balloon times for STEMI patients [21–23] and
surgical teams implementing a new,minimally-invasive cardiac surgeryTable 5
Open-ended responses by tertile.
Top tertile (N = 20) Middle tertile (N = 19)
• Need more data on efﬁcacy in elective PCI,
patients with grafts, elevated Cr, patients
who are on/need hemodialysis
• Fortunately most of the major barriers
were slowly overcome
(the most from fellows and colleagues
you would never have expected)
and are no longer a problem here.
• We have done over 1300 radia
with each fellow doing at least
during their rotation in the lab
• Poor guide support during com
• Our outpatient holding area do
take patients if they have a TR
We can only send patients up i
have no TR band on.
• Personal preference
• Frankly a personal experience
(with nearly universal VCD use
of an exceptionally low femora
site complication rate.
Also relatively few patients req
it but when they do and are
candidates for it, I offer it.method [24] have found that the highest performing facilities demon-
strated extensive interdisciplinary collaboration and buy-in, with
leaders communicating a vision for change, and devoting attention to
overcoming barriers within the hospital system. It may be that similar
conditions are necessary for successful TRI implementation.
In spite of these limitations, this study makes two important contri-
butions. First, while there are several commentaries and historical re-
views on barriers to TRI adoption, we do not know of prior empirical
study that systemically identiﬁes barriers to TRI implementation and
assesses their prevalence. Second, we tested the association of perceptions
of TRI and reported barriers with cath-lab TRI rates, providing a stronger
empirical basis for guiding future implementation efforts.
5. Conclusions
Interventional cardiologists recognized the superiority of TRI for
patient comfort and safety, but most reported that TRI is inferior to TFI
for procedure duration and technical results, and are concerned about
associated radiation exposure to them and their staff. Efforts to increase
TRI adoption and implementationmay depend on persuading interven-
tional cardiologists that they will achieve equivalent procedure times
and technical results with TRI once they are proﬁcient, and TRI training
programs may be most successful if they provide ongoing support to
help interventional cardiologists and their teams persist through the
steep learning curve.
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